Objective: The aim of this study was to compare by means of McNamara as well as Legan and Burstone's cephalometric analyses, both manual and digitized (by Dentofacial Planner Plus and Dolphin Image sotware) prediction tracings to post-surgical results.
INTRODUCTION
Accurate diagnosis of both structures involved in malocclusions and the severity of occlusal conditions, facial and functional, leads to the decision of surgical-orthodontic treatment. It is extremely important to carry out an individualized plan in order to obtain successful and consistent results. Initially, preparatory orthodontic procedures are performed prior to orthognathic surgery, aiming to position the teeth in their bone bases. At the latest stage of ideal arch placement, molding is performed in order to articulate the upper and lower models in Class I relationship. Should this relationship be suitable in sagittal, transverse and vertical dimensions, the patient is conducted to the oral and maxillofacial surgeon who will perform the surgical planning in all its particularities. 1 The prediction tracings show the inclination of the incisors and anticipate all necessary surgical movements, providing visualization of potential results from the tangent to the sot tissue as well as from the tangent to the skeletal tissue. Based on these data, model surgery is performed in semi-adjustable articulator, in which the information concerning the prediction tracing is transferred. This phase will accurately determine both the magnitude and the direction of surgical movements performed to obtain proper occlusion. Aterwards, surgery is performed, followed by orthodontic inishing, removal of orthodontic appliance, placing of retention and post-retention monitoring phases. This paper focuses on the phase of prediction tracings which is important for carrying out proper surgical planning as well as for guiding the patient and establishing communication with him. Reliability of the proposed result is a constant concern. These tracings create a situation in which it is possible to describe in detail all surgical alterations, leading to an optimized conduct of the case. 13 Conventionally, these tracings are manually carried out, however, there are computer sotware that perform the prediction of results based on the digitization of cephalometric teleradiographs landmarks, for instance: Dentofacial Planner, OPAL, Quick Ceph Image, COGsot, TIOPS, Dolphin. 4, 16 These sotware are able to simulate the efect of incisor decompensation and the resultant movements of bony bases, translating them into illustrations and providing a silhouette of post-surgical skeletal and sot tissue proiles. However, it is worth noting that the prediction of these proile changes is diicult due to the variability of sot tissue behavior and diferences in their translation accompanying skeletal changes promoted by orthognathic surgery. 17 The present study is set within this context, with the purpose of comparing, through cephalometry, the accuracy of manual prediction tracings as well as those performed by both Dentofacial Planner Plus and Dolphin Image sotware, in relation to post-surgical results of long face patients subjected to bimaxillary orthognathic surgery.
MATERIAL AND METHODS
This study was approved by UNESP/Araçatuba Institutional Review Board, and analyzed pre and post-surgical lateral teleradiographs (6 months) of a sample comprised of 25 adult, long face patients, Angle's Class II, who were subjected to combined orthognathic surgery. Each teleradiography was traced three times (alternately and at weekly intervals in order to avoid memorization of traces), at an environment with controlled lighting (dark room). Seventy one landmarks were marked as they are necessary for the digitalization process performed with the Dentofacial Planner Plus sotware. The last trace of each patient, regarding pre and post-surgical teleradiographs (6 months), was used as a guide for an organized and sequential scan of these cephalometric landmarks. A scan of each trace was repeated twice in order to evaluate the method reproducibility (Intraexaminer Method Error).
Dentofacial ShowCase 2.0 for Microsot Windows 95 and for Microsot Windows NT 4.0 was used to scan the preoperative tracing, the prediction tracing obtained from this sotware as well as manual prediction tracing and post-surgical tracing. Dolphin Imaging 10.5 sotware (in the case of prediction tracings performed by this program) was used for the cephalometric evaluation, in which a single examiner was calibrated for tracing and digitizing the cephalograms.
Prediction tracings were built manually as well as with the use of Dentofacial Planner Plus (DFPlus) and Dolphin The results (linear and angular measures obtained from the cephalometric analyses) were tabulated into Excel. A cephalometric analysis on the results obtained from manual and computerized prediction tracings as well as post-surgical tracings was carried out in order to check prediction error. This comparison was developed in three steps: 1) Evaluation carried out with Student's t test (paired) to determine whether or not there was prediction error statistically diferent from zero (for each cephalometric analysis measure cited for all prediction methods). The prediction error was given by subtracting post-surgical actual result from the value of cephalometric prediction. 2) Analysis of variance for comparison between post-surgical tracings and manual and computerized prediction tracings. 3) Tukey's test.
RESULTS

Method error
The method error analysis was indicated due to the importance of carrying out critical evaluation to verify the possibility of reproducibility as well as the effectiveness of the methodology used.
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It should be noted that the data was read twice and that there was mutual agreement between readings, which proves the procedures to be reliable. Means with the same letters in a row are not signiicantly diferent for Tukey's test at 5%. * Means signiicantly diferent from zero for Student's t test at 5%. » Bold: Measures of which prediction error was statistically equal to zero (actual result similar to the prediction). » Underline: Measures with lower prediction error among the three evaluated methods. Cephalometric evaluation of the predictability of bimaxillary surgical-orthodontic treatment outcomes in long face pattern patients: A retrospective study original article when using the manual method (5 cephalometric variables), followed by the DFPlus computerized method (2 cephalometric variables) and Dolphin (only one cephalometric variable).
Analyses of variance were used to compare the three methods concerning the prediction error. When such analyses indicated signiicant diference between methods, Tukey's test was used for multiple comparisons of means.
Despite presenting statistically signiicant diferences, the following measures were close to the actual result: 1-APg (manual method), Pg-Nperp (DFPlus), CO-A (manual method and Dolphin), CO-Gen (DFPlus), A-Nperp (Dolphin). In this case, the three methods (Manual method, DFPlus and Dolphin) presented the same frequency (2 cephalometric variables for each method).
Results also demonstrated that some cephalometric measures showed very close values between two methods: A-Nperp (manual method and DFPlus), CO-A (manual method, DFPlus, Dolphin), AIFH (DFPlus and Dolphin), 1-A perp (DFPlus and Dolphin), FMA (Dolphin, DFPlus). In this case, Dolphin Imaging and DFPlus computerized methods proved to have a higher frequency of agreement.
The results displayed in Table 2 refer to the cephalometric measures established by Legan and Burstone. 9 From a total of 37 cephalometric means evaluated by Student's t test, 14 were not signiicantly diferent
DISCUSSION
Each measure regarding the selected analyses was systematically evaluated from a cephalometric point of view 9, 12 in order to relate the prediction error: the diference between the actual post-surgical measure and the prediction measure of each method (Dentofacial Planner Plus, Dolphin Imaging, manual prediction tracing). If the diference was zero, it would mean that the prediction would have been identical to the actual post-surgical results, indicating an excellent degree of accuracy concerning predictability. Therefore, the closer the cephalometric measures are to zero, the more accurate the method of predictability. Moreover, positive or negative prediction error indicate that the predicted value is, respectively, higher or lower than the actual value.
In accordance with Student's t test, the results shown in Table 1 (McNamara Jr Cephalometric Analysis, 12 ) demonstrate that only 8 out of 33 evaluated means were not signiicantly diferent from zero; i.e., only eight presented a prediction result that did not difer statistically from the actual inal result. These measures were: Maxillomandibular diference (manual method), AIFH (manual method), 1-Aperp (manual method), FMA (manual method and Dolphin), Facial axis (DFPlus), nasolabial angle (manual method and DFPlus). Therefore, the predictions which did not difer statistically from the actual post-surgical result were more frequent Table 2 -Means (M) and standard deviation (SD) of Legan Burstone's cephalometric post-surgical measures, linear (mm) and angular (degrees), and prediction error means (E.M.) with their standard deviation, according to the prediction methodology used.
Means with the same letters in a row are not signiicantly diferent for Tukey's test at 5%. * Means signiicantly diferent from zero for Student's t test at 5%. » Bold: Measures of which prediction error was statistically equal to zero (actual result similar to the prediction) » Underline: Measures with lower prediction error among the three evaluated methods. NOTE: The averages of the middle and lower facial thirds are not provided by Dolphin Imaging 10.5 software. 3 prediction proves to be higher in the manual method. The authors concluded that conventional prediction tracings were signiicantly closer to post-surgical results than the pre-programmed proportions (p < 0.05).
Smith, Thomas and Proit 18 evaluated ive sotware (Dentofacial Planner Plus, Dolphin Imaging, Orthoplan, Quick Ceph Image and Vistadent) and their differences in the ability to simulate results in orthognathic surgery. Dentofacial Planner Plus sotware was considered the best simulator. The results showed that the diferences in the ability to simulate results depend on several factors, such as: sotware performance, easy to use, cost, compatibility, image quality and practical application of available resources. In the present study, the frequency of cephalometric variables that were closer to post-surgical results proved to be higher when using DFPlus sotware in comparison to Dolphing Imaging sotware, corroborating the aforementioned authors.
Furthermore, Schultes et al 17 also claim that the prediction of DFPlus sotware is appropriate. The authors found that the sotware was frequently in accordance with the real situation regarding the nasal and labial areas, while the highest margins of errors were seen in the submental region. In general, predictability was greater than 80 %, which ensures accurate planning.
Csaszar, Bruker-Csaszar and Niederllmann 5 also evaluated the accuracy of prediction of DFPlus sotware and concluded that this proves to be satisfactory, although the proile of the labial region presents diiculties of predictability, which indicates the need for further development of this sotware.
In the study carried out by Gosset et al, 7 which compared the traditional prediction tracings (manual method) and the Dolphin Imaging sotware tracings with actual post-surgical results, it was shown that seven out of the sixteen measures showed statistically signiicant diferences for the conventional method, while nine measures were statistically signiicant diferent for Dolphin Imaging sotware. Based on these data, the authors concluded that both methods seem to demonstrate reasonable predictability, thus, being similarly accurate. This statement corroborates the indings of this study, since the evaluated methods also demonstrated reasonable predictability, the diferences between them were slight and the degree of accuracy observed was similar. from zero, i.e., not statistically diferent from the actual post-surgical result, which indicates a good level of prediction. These cephalometric references are: middle third of the face (DFPlus and manual method), lower third of the face (manual method), upper lip protrusion (manual method), lower lip protrusion (DFPlus and manual method), upper incisor exposure (Dolphin and DFPlus), interlabial space (Dolphin), facial convexity (Dolphin), cervico-mental angle (DFPlus), nasolabial angle (DFPlus and manual method) proportion of the facial thirds -Medium/Inf.% (manual method). The manual method had the highest number of cephalometric variables (6) with no statistically signiicant difference concerning the actual post-surgical result; followed by DFPlus (5) and Dolphin (3).
Except for the last two cephalometric measures, the means which significantly differ from zero, regarding a single measure, present equal signs: positive or negative, thus, demonstrating the same behavior towards cephalometric prediction. Analyses of variance were used to compare the three methods concerning the prediction error. Such analyses were complemented by Tukey's test.
Despite presenting statistically signiicant diferences, the following measures were close to the actual result: Sn-G Vert (DFPlus), Pg-G Vert (DFPlus), mentolabial sulcus (manual method). In this regard, the prediction of DFPlus sotware (2 cephalometric variables) was more oten closer to the actual result.
Results also demonstrate that some cephalometric measures showed very close values between two methods: Sn-G Vert (manual method and DFPlus), upper incisor exposure (DFPlus and Dolphin), facial convexity (DFPlus and Dolphin), cervico-mental angle (manual method and Dolphin), nasolabial angle (DFPlus and manual method), Medium / inf.% (DFPlus and manual method). Therefore, manual and DFPlus methods proved to have a higher frequency of agreement, followed by DFPlus and Dolphin. The study of Power et al 16 corroborates the indings of the present study. These authors compared the accuracy of prediction using Dolphin Imaging Sotware (Version 8.0) and the traditional manual technique; in comparison with actual post-surgical results. Manual tracings proved to be more predictable. The comparison of actual results to the predictions of the sotware demonstrated clinically signiicant diferences for all measures.
